lo

¢ Qe

determined by a geomgtric shape of a projection of a pixel on

the texture, each of gaid texturing operations in

averaging results of saild texturing operations.

\

2. (Unchanged) A method as set forth in clai

1, wherein

each of said texturing operations comprise
accessing a mipmap at least one time; and

responding to multiple accesses bei performed by,

interpolating results of the/ accesses.

t forth in claim 2, wherein

3. (Unamended) A method

said number of text ng operations is a power of two.

4, (Unchanged) A thod as set forth in claim 3, wherein

said number of texturing operations is less than or equal to a

5. (Unchanged) A method as set forth in claim 2, wherein the

texture represents a reflected environment.
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6. (Unchanged) A method as set forth in cléim 2, further
comprising modifying a specularly reflecyed lightlintensity on
the surface by combining said speculayly reflected light
.intensity with a specular reflectance coefficient, said
specular reflectance coefficien being retrieved from a

specular reflectance coefficignt map associated with the

surface.

7. (Unchanged) A me for modifying a specularly reflectéd

light intensity on surface of a computer generated object,
comprising:
combining fhe specularly reflected light intensity with a
specular refléctance coefficient,.said specular reflectance
coefficient/ being retrieved from a specular reflectance

coefficignt map associated with the surface.

A pal

!
8. (Amended twice)

method fok adding detail to a texture
map comprising at least one tg¢xture £Alement, the method

comprising [the steps of]:

generating a detail

assigning a pointer into said detail map to at least one

of the texture elements of tRe textuxe map to generate a

pointer map, said pointer comp¥ising two offsets including a

In re Schilling et al. 18235/02871/926178 V

U.S. Application No. 08/884, 044 4



first offse ored in a first offset map and a second offse
stored in a second dffget mapl.];
{p interpolating he generated detail
Q/ l" map:
£ /\ A
‘ lNterpolatl1ng ne X re map alnda
ombining detail color with te re color to generate s
pixel colox,
/ N\
23 9. (Amended) A math /#é,set forth in claim 8, wherein said

detail map is organdzed as a [mip-map] mipmap.

\

10. (Unchanged) A method as set forth in claim further

comprising the steps of:
determining a texture address and level of detail;
responding to said level of defail indicating that detail
is needed by, retrieving offsets/from said pointer map;
using said offsets as tadil map addresses;
accessing said deta
responding to mul}tiple accesses of the detail map by,
interpolating results of the detail map accessing; ana
mapping the/texture map and the detail map to a surface

of a computer/generated object.
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11. (Unchanged) A method as set fopth in claim 10, wherein a
final pixel color is a combinatign of the results of the

detail map access operation d a texture map access
operation, said texture map access operation comprising at

least one access to t texture map.

12. (Unchanged) A method as set forth in claim 11, wherein at

least one of said texture map access operation, and said

detail map accgss operation is carried out in real time using

dedicated arAthmetic units.

13. (Amended Twice) A device fgr generating a texture map,

environment map, reflectance mfp an detail map, comprising:
a memory unit for storin
an environment map, a refleg
a dedicatedvarithmet'l

unit, for generating at

14. (Unamended) The devic >laim 13, furhter comprising:

In re Schilling et al. 18235/02871/926178 V
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a filter unit for generating prefiltered imagés of less
detail; and
means for accessing pixels of a previoug’ half-frame to

perform said filtering.

15. - (Unchanged) A device for mapping Anterlaced real time
video images onto a surface of a comgi;er generated object,-
each video image including two interlaced half-frames of
pixels, comprising:

a filter unit for generating prefiltered images of less

detail; and
means for accesgi Xels of a previous interlaced half-
frame to perform said Xiltering.

"16. (Canceled) A method for mapping a texture onto a surface

[

of a computer generated object represented by a plurality of
pixels, comzfising the steps of
dividihg a texture map into blocks, the texture map

comprising a plurality of texels, each texel having an

associated value;
termining two block values for each block, which block

valu¢s are representative of the values of texels in the
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compressing the texture map by assigning to each t ééi
one of the block values associated with the block of /which it

is part; and

mapping said compressed texture map onto

the computer generated object.

17. (Canceled) A method as set forth iAd claim 16, wherein the
block values associated with the textfire map are quantized to

a smaller number of bits.

18. (Canceled) A method as seff forth in claim 16, wherein the
step of determining two block values for each block comprises:
calculatingla tenso f /inertia from texel values;
determining an eig ctor having a smallest eigenvalue
from said t ;
multiplying saj)d smallest eigenvalue eigenvector with
said texel wvalues; and
splitting fhe texel values in two groups by comparing a

result of said multiplication with a threshold value.

19. (Cancéled) A method as set forth in claim 16, wherein the
texture map corresponds to a filtered texture map of lesser

detail/than a texture map of full detail.
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20. (Canceled) A method as set forth in claim 16/ wherein the
step of mapping said compressed texture map onfo the surface
of the computer generated object comprises:
for each pixel which represents the fomputer generated
object,
accessing said compressed texture m at least one time; and
responding to said compresse

texture map being accessed

more than one time by, interpoldting results of the accesses.

21. (Canceled) A method as/set forth in claim 20, wherein the
step of mapping said c es edvtexﬁure map onto the surface
of the computer genera ject further comprises
approximating true pixel\ color by performing a number of
texturing operationg according to a geometric shape of a
projection of a pikel on the texture and.averaging results of

said texturing operations.

22. (Canceled) A method as set forth in claim 21, wherein the
texture is An environment map.
23. (Caniceled) A method as set forth in claim 22, wherein at

ne of said texture mapping, environment mapping,
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reflectance mapping and detail mapping is carrxied out in real

time using dedicated arithmetic units.

24. (Canceled) A device for at lea one of texture mapping,

environment mapping, reflectance mgpping and detail mapping
comprising:

means for compressing a t/exture map using blockwise two-
level (one bit) quantizatio of brightness values or colors;

means for storing said compressed texture map on a
storage medium;

means for mappi spaid stored texture map onto the
surface of the cor generated object;
dedicated arithmetic unit means; and
memory unit

for storing at least one of texture,

environment, réflectance and detail maps.

25, (Unamended) A method as set forth in claim 6, wherein
combining fsaid specularly reflected light intensity with a
specular jreflectance coefficient comprises multiplying said
specularly reflected light intensity by the specular

reflectance coefficient.
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26. (Unamended) A method as set forth in claim 7, :i?yein

combining the specularly reflected light intensity with the

specular reflectance comprises multiplying the specularly
reflected light intensity by the specular reflectance

coefficient.

27. (Unamended) A method as set forth/in claim 8, wherein a
pointer into said detail map is assigned to each texture
element of the texture map.

28. (Unamended) A method as get forth in claim 11, wherein at
leagst one of an environm

pping, and a reflectance mapping

is carried out in real ti using dedicated arithmetic units.

29. (Canceled) A method as set forth in claim 21 wherein the

texture is a reflec

30. (Canceled) method as set forth in claim 21 wherein the

texture is a detail map.

31. (Cance)ed) The texturing unit of claim 16, wherein each

block valye represents the luminance of a texel.
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32. (Canceled) The texturing unit of claim 16, t?;-ein each

able.

block value represents an index into a look-up
33. (Canceled) The texturing unit of claimM 16, wherein each

block value represents the color of a tekel.

34. (Unamended) A device for mapping real time video images
onto a surface of a computer generated object, each video
image comprising more than one gcan-line, comprising;
a filter unit for generating prefiltered images of less
detail; and

means for accessingl pixéls of a previous scan-line to

perform said fil

35. (Canceled) A texturing unit for mapping a texture to a
surface of a compufer generated object, which texture
comprises a plurality of blocks, each block comprising a
plurality of texels and having two block values associated

with the block, and each texel of each block corresponding to

one of the two block values associated with the block, the
texturing wnit comprising:

a Random Access Memory (RAM) for storing the two block
ssociated with each block of the texture and a value

values

In re Schilling et al. 18235/02871/926178 V
U.S. Application No. 08/884,044 12



for each texel, which value indicates the block valYue to which
the texel corresponds;

a decompression unit coupled to the for accepting
from the RAM values representing eight texXels and the block
values associated with each block of;&hich the eight texels
are part, and for determining eight decompressed texel values

therefrom;

a trilinear interpolator cpupled to the decompression

unit, for accepting from the decompression unit the eight

decompressed texel values d interpolating an interpolated
value therefrom; and

an output port c led to the trilinear interpolator, for
transmitting the new ue to a device coupled to the output

port.

36. (Canceled) /The texturing unit of claim 35, wherein the
RAM is configufred such that values for eight texels can be
accessed subgtantially simultaneously, the eight texels
comprising /ffour texels from a first level and four texels from
a second

evel, where the first level is one level higher than

the secgnd level.
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37. (Canceled) The texturing unit of claim 36, wHerein the
four texels from the.first level represent a o-by-two block
of contiguous texels within the first leve)/ of the mipmap, and
the four texels from the second level rgpresent a two-by-two
block of contiguous texels within th¢ second level of the

mipmap.

38. (Canceled) The texturing unit of claim 36, wherein each
decompressed texel value r¢presents an index into a look-up

table.

39. (Canceled) The uring unit of claim 36, wherein each

decompressed texel/value represents the color of a texel.

40. (Canceled) The texturing unit of claim 35, wherein the
RAM,'the inte¢rpolator, and the output port are part of a

single chi

41. (Cahceled) The texturing unit of claim 35, wherein the

interpglator comprises at least one. dedicated arithmetic unit.
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42. (Canceled) The texturing unit of claim 41, whergin the
RAM, the interpolator, and the output port are payt of a

single chip.

43. (Canceled) The texturing unit of clajym 37, wherein the
RAM, the trilinear interpolator, and t output port are part

of a single chip.

44 ., (Canceled) The texturing umit of claim 43, wherein the
trilinear interpolator compriges at least one dedicated

arithmetic unit.

45 . (Canceled) The te ing unit of claim 35, wherein the
texture comprises a urality of blocks, each block comprising
a plurality of texels and having two block values associated
with the block, d each texel of each block corresponding to
one of the two block values associated with the block, the
information ored in the RAM comprising:

the two block values associated with each block of the

texture; and
a yalue for each texel, which value indicates the block

value /to which the texel corresponds.
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46. (Canceled) The texturing unit of claim 35, wherein

texel value represents the luminance of a texel.

47. (Canceled) The texturing unit of claim 35, wherein each

texel value represents an index into a 1odﬁ{up"table.

48. (Canceled) The texturing unis/?r claim 35, wherein each

texel value represents the color gf a texel.

49, (Canceled) The texturing/unit of claim 35, wherein each

decompressed texel value (represents the luminance of a texel.

50. (Canceled) The textWMring unit of claim 36, wherein the

texture is a view of/an environment of a scene.

51. (Canceled) e texturing unit of claim 36, wherein the
texture is a reflectance map, and the texel values are

specular reflectance coefficients.
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vertical detail offset are pointefs into a detail map

asgociated with the texture, which detail map is stored in the

RAM.

53. (Canceled) T texturing unit of claim 52, wherein the
detail map/is a mipmap.

54. (Amended) A texfturing unit for mapping a texture to a

surface of a computer\ generated object, which texture
comprises a mipmap, which mipmap comprises a plurality of
levels, each of which levels comprises at least one texel, the
texturing unit comprising:

a control unit for xeceiving an input signal and

determining a set o/ N

Odtprint texel locations oriented in a

a pixel on the textuneg
\)

detail from the input signal, which input signal includes

and at least one footprint level of

information about a location and [a] the shape of [a] the
projection of [a] the pixel on the texture;
a Random Access Memory (RAM} coupled to the control unit
for,

storing information reprgsenting the texture,
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receiving the set of N footprint texel locations
oriented in the mardhing direction corresponding to the shape
of the projection of Yhe pixel on the texture and the
footprint level of detail from the control unit, and
determining N Bets of texel values, where each set
of texel values is associgted with one footprint texel
location, and where each sdt of texel values includes at least
one texel value;
an interpolator coupled to the , For accepting from
the RAM the N sets of texel values and/interpolating N
interpolated values therefrom;
an averaging unit coupled tb the Mnterpolator for
accepting from the interpolatdr the N iSterpolated values and
determining an averaged value therefrom; and
an output port coupléd to the ayeraging unit, for
transmitting the averaged value to a #evice coﬁpled to the

output port.

55. (Unamended) The texturing unit” of claim 54, further
comprising:
a mipmap generati

t, coupled to the RAM, for

accepting a changirig video image, for generating a generated
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mipmap in real-time based on the changing‘:igg image, and for

putting the generated mipmap into the RAM

- 56. (Unamended) The texturing unit of claim 55, wherein the

changing video image is an intetrlaced video image and the
texturing unit further comprises:

a memory coupled\to/ithe,/mipmap generation unit for
holding an interlace

alf-frame of the interlaced video

image.

57. (Unamendéd) The texturing unit of claim 55, wherein the

-mipmap gengration unit calculates each level of the generated
mipmap crementally based on available information from the

next Yevel of higher detail.

-

58. (New) The method/of claim 1 wherein the marching
direction correspond o an edge of a parallelogram associated
with the geometric skhape, of the projection of the pixel on the

texture.
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59. (New) An eleptronically-readable medium storing a
program for permitfiing a computer to perform a method
comprising:
approximating a true pixel color by performing a number
of texturing operationg, said texturing operatibns being
determined by a geometryic shape of a projection of a pixel on
the texture, each of saild texturing operations including
accessing a mipmap at ledst one time in a marching direction

corresponding to the geometric shape of the projection of the

pixel on the texture; and

averaging results of id texturjfig operations.

60. (New) An electronically-reada medium storing a

program for perﬁitting a éomp ter to\perform a method for
modifying a specularly reflectied light intensity on a surface
of a computer generated object! the mgthod comprising}
combining the specularly flected light intensity with a
specular reflectance coefficienti, said specular reflectance

coefficient being retrieved from\a specular reflectance

coefficient map associated with the surface.

61. (New) An electronically-readable medium storing a
program for permitting a computer to, perform a method for
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adding detail to a tekture map comprising at least one texture
element, the method conprising:

generating a detail\map;

assigning a pointer ito said detail map to at least one
of the texture elements of the texture map to generate a

pointer map, said pointer comprising two offsets including a

first offset stored in a first offset map and a second offset

stored in a second offset map;

interpolating detail colory based on/the generdted detail
map;
interpolating texture color Ybased on the texture map; and
combining detail color with Xexture

color to generate a

pixel color.

62. (New) The device of claim 13 wherein the memory unit
further comprises:

a plurality of descriptioh regist files, each
description register file configured to ®Btore a link between a

plurality of the maps.
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